Objectives-The clinical approach to acute vestibular syndromes is often complex for the physician. Neurosonology offers a noninvasive method to study the cervicocephalic circulation when a vascular etiology is suspected. We aim to evaluate the diagnostic accuracy of a vascular neurosonological exam in isolated acute vestibular syndrome.
V ertigo is a common complaint in the emergency department. However, it is not unusual for the general practitioner, ear, nose and throat doctor, or neurologist to find it both difficult and challenging to diagnose acute vertigo. Ultimately, the doctor needs to differentiate between a generally self-limiting disorder like vestibular neuritis from a potentially life-threatening stroke, the most frequent peripheral and central causes for acute sustained (lasting days to weeks) vertigo. Moreover, through stroke education campaigns and other types of patient information, there is increasing public awareness of dizziness or vertigo as a warning sign for stroke. 1 Vestibular neuritis is by far the most frequent reason for acute sustained vertigo. 2 Despite the improvement of neuroimaging techniques in recent decades, which found that stroke can present as isolated vertigo, the proportion of stroke patients with acute vestibular syndrome remains unknown, with variable percentages ranging from 3 to 25%. [3] [4] [5] In real practice, vestibular neuritis frequently mimics stroke and there are no demographic history or clinical factors that can reliably differentiate between these two entities. 1 Cerebrovascular ultrasound is a noninvasive exam that renders morphological and real-time hemodynamic information, allowing for continuous monitoring, which is already occasionally used in the study of these patients 3, [6] [7] [8] Nonetheless, its validity as a diagnostic method is still not established in this setting.
The aim of our study was to evaluate the diagnostic accuracy of neurosonology in the study of isolated acute vestibular syndrome.
Materials and Methods
We conducted a retrospective study of all patients who underwent neurosonological examination and magnetic resonance imaging (MRI) at a tertiary stroke center in the context of isolated acute vestibular syndrome (AVS), for the 5-year period between January 2011 and December 2015. These patients followed a predetermined diagnostic algorithm: AVS patients underwent urgent noncontrast head computed tomography (CT) scan in the emergency department and neurosonological examination in the first 2 days after admission. Patients without temporal acoustic window were excluded. We selected the subset of patients who underwent confirmatory MRI in the subacute stage ( 48 hours).
Acute vestibular syndrome was defined as at least 1 hour of acute, persistent, continuous vertigo or dizziness with spontaneous or gaze-evoked nystagmus, plus at least one of the following symptoms: (1) nausea/vomiting, (2) head motion intolerance, and (3) gait unsteadiness. All patients were evaluated in the first week of symptomatology, but only those with symptoms for at least 1 hour were included.
All patients had a complete neurological and neurootological examination at our emergency department. The patients selected in our study had no other simultaneous neurological symptoms (including subjective hearing loss) or any other sign of brainstem lesion (except for nystagmus) on bedside evaluation, including cerebellar signs, weakness, hypoesthesia, visual field deficit, ocular motility changes, and other cranial nerve impairment. We also excluded patients with relevant previous vestibular or oculomotor disorder, acute drug/ alcohol intoxication, or new head trauma.
For each patient, demographic and clinical data were collected, namely, age, gender, duration of symptoms, neurologic examination, and presence of vascular risk factors: hypertension, diabetes mellitus, dyslipidemia, hyperuricemia, obesity, heart failure, previous stroke/transient ischemic attack, smoking, alcoholism, atrial fibrillation, coronariopathy, peripheral arterial disease, chronic renal disease, and malignancy.
All patients underwent urgent noncontrasted head CT scan in the emergency department. All scans were performed using the same CT scanner: GE Brightspeed (GE Healthcare, Little Chalfont, UK), using a slice thickness of 2.5 mm, 140 kV, and 380 mA.
Magnetic resonance imaging (1.5 Tesla) was performed in the subacute stage ( 48 hours after onset). Conventional MRI protocol included a complete set of diffusion-weighted imaging, T 1 -and T 2 -weighted imaging, fluid-attenuated inversion recovery imaging. Detection of the lesion was done by an experienced stroke neuroradiologist, blinded to the ultrasound result. A lesion was considered to be the cause of the symptoms if localized to the brainstem or cerebellum.
When signs of ischemic lesion were absent from neuroimaging, acute peripheral vertigo diagnosis was affirmed by a characteristic clinical course with a lack of neurological signs on serial examination. Stroke etiology was defined according to Trial of ORG 10172 in Acute Stroke Treatment classification. 9 Vascular territory implied in the infarct tissue was defined according to the infarct pattern documented in the neuroimaging exam ( Figure 1 ).
The ultrasound device used was a GE Logiq 7 (GE Healthcare) with a 11-Mhz linear probe for extracranial evaluation and a 3-Mhz sector probe for transcranial examination. Ultrasound was performed by two neurosonologists of similar experience and background, blinded to the neuroimaging findings. The exam followed a prespecified protocol and consisted of insonating all intra-and extracranial segments of vertebral arteries, namely, origin and V1 to V4 segments, posterior-inferior cerebellar arteries (PICA), basilar artery, anterior-inferior cerebellar arteries (AICA), and superior cerebellar arteries (SCA). A suboccipital insonation window was used to analyze the V4 segments of vertebral arteries, PICAs, AICAs, and basilar artery. The SCAs were studied through the transtemporal bone window. A positive neurosonological finding was considered in the presence of an occlusion or stenosis with hemodynamic effect in any vertebrobasilar artery. Intracranial occlusion was defined as a Thrombolysis in Brain Ischemia score of 1 to 3. 10 Intracranial arterial stenosis was defined by the Baumgartner criteria. 11 Vertebral artery hypoplasia and nonvisualization of a PICA, AICA, or SCA without sonological evidence of occlusion were not considered to be pathological. We considered an ultrasound exam as truly positive only whenever the stenotic or occlusive finding was in direct relation with an infarcted arterial territory (Figure 1 ).
All patients were followed for at least 3 months. This study was approved by the ethical committee of our hospital and all patients gave consent for data collection.
Data analysis included common metrics of diagnostic accuracy such as sensitivity, specificity, PPV, and NPV. Confidence intervals for these parameters were calculated using exact Clopper-Pearson confidence intervals 12 (for specificity and sensitivity) and the standard logit confidence intervals 13 (for predictive values). When comparing vascular risk factors distribution, the Mann-Whitney U test was used for continuous variables, and v-squared test for dichotomous variables. A post hoc Bonferroni correction for multiple comparisons was made, determining an adjusted a of 0.00357.
Results
From 329 patients who underwent neurosonological examination, 55 had signs of brainstem lesion on neurological examination and one had a history of head trauma. A total of 273 AVS patients with normal neurological examination were submitted to neurosonological evaluation. We included 108 patients who underwent confirmatory MRI (60 (53.6%) were male). The mean age was 60.75 years (standard deviation: 14.17; ages 28-95). In 27 (25.0%) patients, a cerebrovascular cause for vertigo was found.
The distribution of common vascular risk factors was analyzed in patients with vertigo caused by stroke and those with vertigo not caused by stroke (Table 1) .
Most strokes concerned the territory of PICA (n 5 19, 70.4%), and most of the ischemic lesions (n 5 19, 70.4%) affected the cerebellum (Figure 1 ). Only 5 patients had an isolated brainstem stroke, involving the territory of PICA (4) or AICA (1) . Results are given in Table 2 .
The etiologic mechanisms implicated in the vascular lesion were the following: Five patients (18.5%) had a vertebral artery dissection, six (22.2%), had a large artery atherothrombosis, two (7.4%) had a cardioembolic source, one (3.7%) had a small vessel disease, and one (3.7%) had co-existent causes. In 12 (44.4%) patients the etiology remained undetermined.
The diagnostic accuracy of the neurosonology study for the diagnosis of cerebrovascular AVS is presented in Table 3 .
Discussion
Our study population consisted of a moderately sized set of 108 patients with a significant prevalence of common vascular risk factors (Table 1 ). The distribution of these risk factors has already been discussed in a previous series of acute vertigo. As expected, patients with AVS caused by ischemic lesions have a higher frequency of the classical vascular risk factors. There was a higher prevalence of diabetes, smoking, hyperuricemia, renal failure, coronaropathy, and atrial fibrillation (note that that the presence of vascular risk factors is not exclusive to this group). In fact, after post hoc correction for multiple comparisons, there were no significant differences, as many patients with nonischemic AVS also carried those risk factors, further emphasizing the need to discriminate, in the acute setting, the mechanism involved in these symptoms. This finding is further supported by the fact that age showed no statistically significant association with vascular etiology, which is probably linked to the high frequency of strokes resulting from arterial dissection, which affects all age groups. 15 Therefore, these results stress that a vascular etiology of AVS should be considered, regardless of age and vascular risk factors profile.
The exception may be coronaropathy, which reached almost statistically significant difference. Given the fact that the patients selected were those without signs of brainstem or cerebellar lesion, most [16] [17] [18] and its precise clinical utility and validity as a complementary examination for these patients remains widely unknown. Although cerebrovascular ultrasound can provide helpful information in these patients, we acknowledge the unquestionable importance of clinical examination as the first step in the management of AVS. 19, 20 Regarding other complementary exams, CT head scan is frequently normal in the setting of acute infarction, particularly those affecting the posterior fossa. Furthermore, even with brain MRI, the current gold standard for the diagnosis of acute stroke, 21 falsenegative results can occur in the first 24 to 48 hours after the onset of symptoms. 22, 23 High specificity and negative predictive value have been previously reported. 17, 18 In the present study we confirm neurosonological exam as a helpful diagnostic exam on patients with AVS and suspected stroke. Particularly, we reinforce its high specificity, PPV and NPV, which can be important when dealing with an elderly population with a significant burden of cerebrovascular risk factors. However, the low sensitivity presented restricts its value as a screening tool, particularly as a result of the limitation in the assessment of small vessel disease and cardioembolism with spontaneous recanalization.
Our study has several limitations. First, it is a single center study, consisting of patients with vertigo complaints and a negative neurological examination, who were referred to a neurology emergency department of a tertiary hospital. In addition, the study consisted only of patients who were ultimately evaluated by MRI. Therefore, it is possible that these facts resulted in a selection bias. However, considering that all patients with a positive ultrasound examination were studied with MRI, the specificity, PPV, and NPV are presumably unaffected. It should also be noted that neurosonology is an operatordependent method, requiring experience and formation. In our study, all exams were performed by two physicians of equal experience. Although there is and still will be space for other ancillary tests to corroborate and/or exclude cerebrovascular disease, our data support the idea that neurosonological study can be a useful diagnostic approach in AVS.
In conclusion, neurosonological studies show high specificity for the diagnosis of an ischemic cause to acute vestibular syndromes, with an additional utility in identifying etiopathological mechanisms. However, the low sensitivity shown limits its role as a screening exam.
